Characterization of metal binding by a designed protein: single ligand substitutions at a tetrahedral Cys2His2 site.
The tetrahedral Cys2His2 Zn(II)-binding site in the de novo designed protein Z alpha 4 [Regan, L., & Clarke, N. D. (1990) Biochemistry 29, 10878] has been studied by independently mutating each of the metal-binding ligands to alanine. The contribution of each ligand to the geometry and affinity of metal binding has been characterized using Co(II), Zn(II), and Cd(II). The results indicate that all four ligands contribute to high-affinity metal binding in Z alpha 4. Two of the four metal-site mutants retain the tetrahedral Zn(II)-binding geometry of Z alpha 4, with one water molecule presumed to bind in the vacant ligand position. These mutants provide the first examples of a demonstrated de novo tetrahedral three-coordinate site designed into a protein and as such are a first step toward the design of catalytic rather than structural Zn(II) sites. One of the metal-site mutants binds Zn(II) with either tetrahedral four-coordinate or five-coordinate geometry, while the last ligand-to-alanine substitution abolishes tetrahedral binding. The importance of ligand type for metal-binding in Z alpha 4 was investigated by characterizing two ligand-swap mutants in which a cysteine residue was replaced with a histidine. In both cases, tetrahedral metal binding was lost. Collectively, these results affirm the strategy used to design Z alpha 4 by showing that all designed liganding residues are participating in metal binding, and by suggesting that the tetrahedral geometry of the binding site is perturbed when the designed side chain ligands are replaced with alternate ligands.